Infection and inflammation lead to changes in mood and cognition. Although the ''classic'' sickness behavior syndrome, involving fatigue, social withdrawal, and loss of appetites are most familiar, other emotional responses accompany immune activation, including anxiety. Recent studies have shown that gastrointestinal bacterial infections lead to enhanced anxiety-like behavior in mice. The bacteriainduced signal is most likely carried by vagal sensory neurons, and occurs early on (within 6 h) during the infection. These signals induce evidence of activation in brain regions that integrate viscerosensory information with mood, and potentiate activation in brain regions established as key players in fear and anxiety. The findings underline the importance of viscerosensory signals arising from the gastrointestinal tract in modulation of behaviors appropriate for coping with threats, and suggest that these signals may contribute to affective symptoms associated with gastrointestinal disorders.
Introduction
In the late 1800s William James, a psychologist at Harvard University, published a provocative theory of emotion: that the perception of emotions follows from perception of our physical responses to cognitive apprehension of external threats (or more pleasant stimuli). That is: the experience of emotion is integrated with somato-and viscerosensory signals that result from cognitively driven motor, neuroendocrine, or autonomic responses, in a kind of brain-body-brain ''loop'' communication sequence. He further proposed that, when emotions were finally mapped in the brain, rather than existing as separate centers (e.g. anxiety center, happiness center) the neural substrates of emotion would be integrated with somato-and viscerosensory representation (James, 1890). Although James is usually remembered for the assertion that bodily sequelae of emotion-inducing stimuli ''are'' the emotions, this corollary prediction regarding brain substrates of emotions is proving particularly prescient. Findings from neuroanatomical, neuropsychological and functional neuroimaging studies support James' contention that the brain representations of emotions would be co-represented with information derived from internal tissues (Craig, 2003; Dalgleish, 2004; Nauta, 1971; Price, 1999; Zagon, 2001) . Such regions include the medial and orbital prefrontal and anterior cingulate cortex, insula, hypothalamus, amygdala, and bed nucleus of the stria terminalis. These findings underline the important contribution of viscerosensory signals related, for instance, to hunger, satiety, or pain, to emotional states.
The relation of emotions and internal sensory information carries important implications for psychoneuroimmunology. It is now well established that the immune system influences mood and cognition (Danzter, 2004; Maier, 2003 
